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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a low resistance 
p-type III nitride semiconductor, and its producing 
method, in which a mother crystal can be doped 
efficiently and heavily with three atom complex dopant. 
SOLUTION: A low temperature GaN buffer layer 11 and 
a p-type GaN layer 12 are formed sequentially on a 
sapphire substrate 10. The p-type GaN layer 12 is doped 
with p-type impurities, i.e., Mg (magnesium) and O 
(oxygen), by about 1 x 1020 cm-3 and 3 x 1019 cm-3, 
respectively. 
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(57) 

777-111, pMGaNil 2^IWcM^nt 
l/^ 0 piGaNil2(i, plMi^Mg 

(-^*>"?A) irO (KX) driven. Mglil 
X10 !, cm* 3 lt O li3X10 M cm" 3 i 
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<7>«^»&£if P HlII*»k**»*Wf«»*ftl-*i 

koyife&*^-rZ><k&to*: h'—'O KW»tc«ffl Up 
SlIIl«ai{k«#W#:«:^»-r*wi:4:»*^-i-*pa!l 

lit 2 ] i ia«few p siiiKaffctt^w* 

[»*3i3] *fcttw*3S2E«iwpa!iii 
&paiii«a[fb»*ant. 

[W*JS4 ] 3 E(R«? P SUllKfiffc**** 

[»**8] »*J!l7E«oi|t*(SWSB^asv^r. Aft 30 
E*W*lx-lf-^«jfti-6pSTIT«ia[fk«**#:» 

^T^e^f»*js 3 Ett<7) p miummit%)*mfcx* 

[0 0 0 1 ] 

[^^M-^&W^If] DVD^CD^) 
[0 0 0 2] 

^^^^rfijffi LfcfiiJf ffiWfe LED^3 0 mW^S^tti 



2002-353144 

2 

[0 0 0 3] Mx.tf, i«v^a«K*:^»i:i-S«** 
^w^ajflsSSH^ffiffl $ixS p S!lii«Slft»¥3H* 

JS^S5v^p^<7>4>^>tt»btt^v\ f0J*_Ji\ — 
f ~(7)^ 7 7 KlCtffl^S A 1 G a NT'li, * -V l J 
rmgLi>>\ 0 1 * c m' 3 5 Steffi 

■6-c*>a. radian, ummwfo*m>fc<r>T*-t7 

*—m&&m^b\C&>Z e A 1 G a NTiit^^ K 

1 0^° c m^HS^T^-tr:^— tt^F«»SrG a N(C K 
-tV^LT^^-v yriSiii o 1B cm- 3 iSi;i^ 

K— 0 JO cm' 3 ?rix5^7^t^ 

tfiJaLfcfG a NT'l 0'* cm- 3 igt^6 0 
[0 0 0 4] m^tSMiLT, WlO- 
1 0 1 4 9 6^ (J£AT\ '^Mfffl tCfi, Mg 

t S i £ 2 : 1 . £>£VMi, Mgi:0^2 : 1 „ 
il, B e t S i £ 2 : 1 % £>3l^ti\ B e £ O £r 2 : 1 
<7)Jt^T% G a NIC 1 0 1 8 c m 3 ~ 1 0"° c m" 3 ^JSP 

M&te, G a N) ^tCT^ir^^— tt^#E*2fiR : ?-t K 

^rf!i T^J^(Op^G a N^^KtT^5o 

[0 0 0 5] -£fz, tffifl 0-1 4 4 9 6 0^- (J^ 
T, «*S«2 <t^9) tcii, Sii:Mg^l/10W 
±iy / lJ^T<^S i /MgtbT^ K— t°>-^-r-5r i:t? % 

5 0 *fc. 0- 1 5 4 8 2 9f (KT, tt*ft 

f3a^) (Cfi, OiMg^l/10J^±l/l^T 
(7)0/MgltT* K— t'^^i-^r ir-e, t£*J£flf 1 <h It] 

0 0 0-2 9 4 8 8 0^ (J^T> ^1$»4tl/^) lC 
fl, 0£ Z n ^ 1 /5iU± l/2aT^O/Z nJtt 'K 
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3 

[0 0 0 6] 

[0 0 0 7] f£3fcf$»r 1 ~«Sl4(:^$tlT^6 7 10 

^^(-IX^iA^nT L£ 9o tit, TV*:-??— t£ 
[0 0 0 8] *%Wfi, ii^L/t^^W^Pp^^^^ 

!k-tz>h(oxih^x, a$i<i««Sic3ig^s^K 

[ 0 0 0 9] 

sfc*o#ai Jiissw^it^-rsfcfe 30 

^-tt^Mft<oa**«r*tf P MlIIfll*fb»#**w 
Kttffl LT p ^III^^fb^i^^^^f^M-r 6 c fc 

[ooio] *^»*«2ia<fc^?sw«, w*3SiiE« 

Sfc^K-^'yhoic, r^-fe^— tt^*E»JW» 40 
£Re#(c K-fy^U pfflIIIJK«{k»¥Wff*:ff*! 

[0 0 1 1 ] *fc»*«3lE«<7>«Wfi, Sfc 

f^K*ix^:pa!lIlS*{t**8H*"e*>So 
[0012] 4 e«w*Wl±, M#4[3K4K 

co p fflIIIlSafk**W*S:'aftf*S(ffaii»iSSrW L 

[0 0 13] *fcM*3!5|E*<0»Mrt, »#il4 8e*fc 
w***S6B«c*3i>T, «JEpfiIIlKafk**aH**c: 50 
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[0 0 14] *fcW**6IE«w*w#i, if #JJt4*fc 
tt, pffl*W*^nffl*Wflc^JC«*n^»*««*:* 

[0015] ifc»*S7iat^tt, if*JS6E«fc 

[0 0 16] *fcW**8E<ftW«W*±, If^rl7fdgc 
pfilllK*ft»***»o^TOJl*s»*:«3E*<D 

[0017] 

[ooi8] gj i gj^MMffll 

^.T-^Ttm t (n^&m-tZlk&W)*: h'—'O MR** 
izfem IT P S!llliS«fl:»*Wft:*f^»i-S c 

[0 0 19] lllR»fk*¥*fri:«u Ga 

N, A 1 N, I n N, BNW2 yc^£^^, r it*? 2 7C 
{k^*<Z>«*-C*>* 3 5c*. 4 5c** 5 5cXaA^at# 

[0 0 2 0] £fc, T^ir^^— tt^*«*7C*i: K-^— 

[0021] M^)ic(i, r tt**E«5c*£ 

ISafkttiei^-CIIlKW^ fc LTteT-fftBtc A «9 
T^ty^-C^^Mg, Zn, Cd, Be, ^COftkO 

T-fil(CA^) Kt-IC^50 (ttX) , Se, S, T 

Mg^rO. Mg^Se, Zn^O. Zn<b 

[0 0 2 2] CTxi^, Z n&S^IJMg <h O (K*) <h 
«0S-&«r^-rs{k^«lT«±, Mg (CsH 7 0.) , (t^ 

rtf/urt ht-h^^^^i^) % M g (c,,H iy 

Zn (C 5 H t O.) s ( t'^T-tr^/UT-tr h^— 

, Zn (C,,H ls O:) , (t^-/tVND^/l,^^t 
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[0 0 2 3] Z<OfR 1 roJIMiW^B^St'll G 

a, ai, in, Btet*<nuim7cmi%ntmmwMt 

gh&J*gU pfflIII«afl:**»ff«rfP»"t-5Ct*s 

t?#s. ::t\ r ^ir^-tt^Mtttti o ly cm' 3 
-1.0 : '°cm j M, k-*-— tt**Bttrt\ T^-tr^- 

0-l/2SS^l^ K— t">^ 

-e*i/jr^o liiJS«» J ^flE*JIR» 1 b**^|ft^*n 
5^t'ii/j:^ fl 0"J;Lte\ MOCVD^fi, ni^JS 

tyk LT, TMG a , DEGa, TMA 1 , TMIn, 
[0 0 2 4] * 1 <D|l«£ff2ffit£j;ft(i\ T?±y°? 

-vt^myoTcmk y^—^^izmk^^Lx^^ 

<9i£*;h,5o tit, T^-feT"* — £ Y-r—k<r>1ft*:T& 
$L L , *«ft3£fti-So ^xe^L/cIII^ 

ri< l K^-ttttan* £ , SJSKIIIJSJK^HfcBSrlB 

-fc-^^fig^/jrS^r £ fed. T^-tr^^— K 

^t7^-«i«<^^ fiffiJ5t^pMiii^ft:«j 

[0025] fle*-ctt, r t&fimmk k-j— 30 
^^k^^rti^nm^^ k— bunk it k— 

£VA **W-e*i, S»*J: 3 JH^*-&ffK- 

[0026] m2(?mmwm 

1 oimmmoi P ^ni^M^^^^m^^i-^ 

t^T. T?-tzf?-&^1&V07cmk K^— tt^«*5E* 
[0027] ccogf2 w3MS»*»f£»*&^±, Ioh^ 

— KMW£:lB]**t^ Mg^Z n^CDT^-tr^ — ft 



t7'^-ttTtt^l±l 0 iy cm" 3 -l 0 JO cm - 



50 
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K"f— tt^Fflfi^li, T^ir^ 5 ^— ti^FM^^ftW 1 /l 
0-l/2iS(7)MK-t°y/t6c &*S, Mg^Z 

Cp : Mg^ (E tCp) uMg, DEZnMtt 

[0028] r^^2(DHffiff$«iicj:Kti\ r 
k— h^ftkic, r \^mm<o y—s< 

6<Wf 5li^T*5o ^o^, «fc«9-JI#j^.fc< 
S5Sfilc3Jj^«^ft: K-/^h^f#gitl:MT 
S * J; 3 left 9* teSfit*> P SlllBs£fM&¥*<**Sigi 

[0029] ±&\sizmiizit&m2<Dnte : &u<omA 
M^mfcmfcfa&tp^. 1 o ,y cm - 3 ~i 0'° cm- 3 m. 

Ka>T^i?^*— tt^Ffcfc^s tt^#6*<7? 
1/1 0-1/2 gSwio K-J—ttTlfttt £ ^ K— 1° 
y^^tiT^^ T?1?y* — 2W^k K-J— iJJ!W-£ 

ft® $ ixfc p Ml I l^gfc^¥*fMSS H . *C h 

[0 0 3 0] 9^1 *fcfi*2^>|«6»l»<Wp 

Sin^S{l:*^**^f^«*fe^»*nfcpfflni« 

pffliiifliafk»*w*t<cSc 

[0 0 3 1 ] *fc. iiLfciUfc(ig2Wl»i 
»"C^»*ixfcpffllIlSS*fk***fftt, ^**3SB 

[0032] r^**»asitii, fle*w^*^»stwfli 

0(7) 1 o-Cifeot pSlHK^L^^*(*a t-ffitrL^ig; 
^pS!lll»l*{k«*W# (±»LfcJBl *fctt*2W 
*lt»llB^ff«*ffi^ff»*4xfcpfiIII«»k«*8l 

■ J: 0 t*-^lSSi*5e< , Hot, te*«t!9 t»f^«EE 
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[0033] ±ia***3fi««-*5t^r. _L^b/-c 
i5fe-c(^3HSixfcpsni«a<k»*w»tt, mmmm<D io 

[0 0 3 4] 'cO^f^^te. ^tr/It^^ 

HlBlSfk»*#*Sr*iJffl Ufc3S«w»f^«JE}SSi« 

1 offoofcplt- ^ y?W&<oWfc 20 

[0 0 3 5 ] £fc, ±j*L^i**ff:3SiStt, pl**# 

SBi ifcttS 2 wHWK«o^B*fe-c^«Siifc p a 30 
[0 0 3 6] rcoj: 

*-rs«3fi"C*)tL«, **m& (p-nM) , 

^^i^isici^^^A^n^t y ro^s^tCct 40 

K, if— . ^-^-;i/^,5/tyh^ 

[0037] Mitmc^ ±K56**^as*»*^--if-- 
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[0 0 3 8 ] -<DJ: 5 fc^#i[i^tc:fc>^Tf;±. pMHI 
$^fcpMiiiKSft;«3^#(*) &ffiJBL-c^5<0"t\ 

[0039] ±E«**^*s*j»»u—if--r-*> 
SB 1 2 (Dmmmmoiftmjjfexftmztiti pi 

»!K»lB©^*jfe^fP«lSnfcpffliii**fl2*** 

y^««<75»ttfiK:«:(B:<i-Sr t36s-C#5c ^t, 
if— -Ctt. ttf^«E*ra*^b<z>J: 

*<DllHSaft»#*#:u— if— J: 9 t>»fM»Ea*<6 
[0 0 4 0] _h|E^{^l—-if-{^^^T, 

#u-if-**iSi-SpffliiilS*<fc**3|E»Jl^±"C 
oil Sr. ±S6Ufc*l*fcli«2^**?KlS^»*fe 
T-ffttSnfe p SlllKfiffcW^WftK-*- 5 r. <^ *S"C# 
6 D -r*^*,, ^iSfru— if— 3 £T<E>pfflI I 

is^^»**^»*nfcpffliiiKaft»4 fe w»i-+ 

[0 0 4 1 ] if— Sr«fi5c-r5±-C<OpMlII 

<of^»*ffi^f^*nfc(S«R<DpfflIIlK»k*** 

v\ t£oT\ -<D^*f*:u— if— -efi, ifcf^mEE^J:^ 
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[0 0 4 2] 

[0 0 4 3] mifeM 1 

Sl*«i-Cfi, *i<ojtlfi*ll8©^«*«fe"epa!lll«i 
[0 0 4 4] Hittf^RSixfcjSllSWKOpffliilKa 

(piGaNl) ^Ttit'foSo 
BBi-Si:, t77-f7SfilO±lC, 10 
7-111, pfGaNll2^i*iaM$ntV> 
£ 0 ::t', piGaNll 2(1, plffiftOMg 

XlO^cm-'iS, O (IMK) 1*3 X 1 0 ,y c m" J U 

[0 0 4 5] jafi«i<o P S!iiiSftft:*¥»* 
( P iGaNli2) wf^»*jfe«rttM-r5. UttMl 
COpMG a NJ1 1 2fi, MOCVDftt-eMf Ltlt 

T, Mg (CsHtO, ) - (t'XTir^^T-fe h^— h-^ 20 

[0 0 4 6] -t-fcfc>*>, IJ-^T^Tgtgi oSrS 

/^f^-fcr *y h U 1120ttMU £ 

0°CtcTlf\ !*5#it^NH 3 £«*0>«*;tf*#H 
fU-U TMG^lU ftIGaN/<y77-il l£ 

[0 0 4 7] 1 0 5 0°C(^±tf, £Sf£ 

drtDT^iLt, TMG, Mg (C 3 H 7 0.) , ( fcT 
^Tir^Ti? hi— h^*>">A) fcflfcjfcU P l 30 
G a Njf 1 2 J! L/t„ 

[0 0 4 8] plGaNfl 2ti, ^ir!)7«i^2X 

10 18 cm- J ^±t, fi63fe^fcWJ: 9 tttfifit^pfflSr 
Wx K— tr^bfcfcwa, rM(j:2 x i o' 7 

c m ~ 3 Xfoitc 0 
[0 0 4 9] HflggiJ 2 

mmm2xn, m2^mmmm^i / fm^mxpmium 
afttt^WffftfpRLfc. 4*5, f^KufcpainK* 

fk*¥»*ttp5!G a NT'fc§ 0 40 

[0 0 5 0 ] B2ttf^jHSixfcjll6«2<OpS!lllBia 

ffc«5*#(*: (plGaNi) £*^d]-Cfc5 0 tH 2 

7-121, p MG a Nf 2 2 7WH2K'lC^J$£iX"0^ 

::t', P lGaNl22|j:, pSW^Zni: 
O ^, -tnW, Zn(j:lX10 ;0 cm- 3 § 

g, O (ft*) (i2X10 ta cm- J MK-k>^$tL 

[00 5 1]*!:, Jtl(6W2copa!lIIjKa<k*a|&«E(*: 
( P MGaN|22) COftsftfrftfrlMl-rao HS£0J 2 50 
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WpiGaN|22fj:, MOCVD^t'^ltf LT^ 
§B-rSwi:^-C#5. ^(0^r#, K-'*^ MRS* L 
T, Zn (C 5 H 7 0,) = ( tf^Tir^vUTir hi"— h 
v*) i:DEZnOTt6:i:«^o 
[0 0 5 2] "T4^^. t7 7>f7SS2 0 £K 

JC*tc-fc y h U 1 1 2 0°CT«L, 1 

«2 OCDmffiZ? x ) ~~>Vl.tz 0 lfc\,^X\ i&J££5 2 
0°Cf-Ttt\ ^#K^NH 3 i:ii^^^#i 
TMG^riU i&?UG a N/<'y^r~^2 1 £ 

[0 0 5 3 ] ^j££r 1 0 5 0°C(£±tt\ £SS5: 

^r-y y T#:* LT, TMG, Zn (C 5 H 7 Oj , (f 

plGaN|22 SrflWBLfco 

[0 0 5 4] plGaN!22lj:, ^rty7j|W2x 
1 0 18 cm' 3 ^ tt*Ob^<t9 tfiStt^pfflSr 
^L/io 4*5, Zn (C 5 H 7 0.) a ( fcT* T ir fyl/7 ir 

»SH5X 1 0 ,ti cm- 3 -Cfcofc 3 
[0 0 5 5] HJ^^ij3 

*lfc«3rt:, »i*fcrtJB2ojtt6J^«<of^»*afe-cf^ 
§g£;ft,fc P aiIIttttfb«¥«»«r«tf^««fl|J|fl|]S 

[0056] B3, i4 &mmm 3 si 

3te*^) ^tit'fe^o 4*5, B3fi$3S3te*^F-<n36 

*^>r ^— Ko*mitsHffi^siE*ffi-e^Wfffiia-e*> 

[0 0 5 7] [13, H4WflTH M^t- Ki:7 
K(7)lo^)Wffli:7t h*V*— K<0 

[0 0 5 8 ] LT, |g*^t-Kt7t h^-T^- 
Vtn, IrI — (OajB«ig^P>4oT6o *rtf>««»it 
tt. t7 7>f7lfi3 0±lC, AlN«a/<y7 7-l 
31, nf Al 0 .o 3 Gao. a rN^y^^ h§3 2, nSi 
Al 0 .ejGa,.,,N^7y K/f 3 3, I n 0 . » - G a 0 . « 3 
N?StiS34, piAl ( ., 7 Ga,.„N^7yKi3 
5, plG a N=»>-^^ h^3 6^Hl^(C|gg$ttT^ 

[0 0 5 9 ] r^T', piAlo.ojGao.nN^^K 
1135, pSGaN^y^^ hl36(C(i, Mg^O 

(mm) ^K-ey^^nrp5o 

[0 0 6 0] tit, 5B3t^3i— K4:7* h^t- 
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i^f)n!A lo.o,Gao.,7N=iV^^ hJI 3 2 £ T*^ 
y^>-^£*U nMA lo.ojGao.s-N^y^ M 3 

^■-KWpSGaN = y^^ h8 3 6±Clt Ni/A 

£fc, RtbLfcnSA lo.o 3 Gao.,;N^y^^ h83 
2±<C(£, T i / A 1 j&*e>*-5 nffilj^— ^ j/^li3 9 

(cii, s i o 3 *'fe&**6&fftHK3 7^*flH*JxX^ 

So ^IT, te^aH3 7±l;, Ti/A1H4« 10 

¥4*— b't b¥JJr- 

[0 0 6 1 ] RftyV Ki:7* h^V*— K 

s 0 ^ it, ^*^>r 5j— k^7* b?4*— v<Dm* 
^LTiRis-g^Mffia*, -ttb-en, ftttiwra 1 o 2 t 

^TCI® 1 0 3 3gtf;y>f bO)7* b¥ 

4 K t IS] # ^ 5 MB £ K»« W*ffiAS^SP— * * Hi 
tt-r^Ttttit+ffi® 1 0 1 iftSo 20 

[0 0 6 2] #CtC, 113, IEI 4 <0*«ffiS:%tt*^-<Dfis 
M^T&^i^P^-r^o El 3, H4(7)IiifMi^Wi 

mm Ait, MOCVD^^MfltW6:i:^ 
■et s Q 

[0 0 6 3 ] "*-fcjb*>. £i\ t77^f7li30^ 
JftWiC-fe y h U TK^tf**. 1 1 2 0°Ct'WL, 1 
1S3 0(7M^^ 'J — — V^L7t 0 &^T\ M^5 2 

TMA«L, teifiA 1 N^y^r— JB 
3 1*±t«Lfc 0 30 
[0 0 6 4] ftl^t?, * 1 0 7 0°C(-_b(f , TKfft* 

U LT, TMG, TMA, S i H 4 £r*&Jj)t 

{C^^itr^L, nlAl„.„3Ga 0 . B ;N3^n 
jf 3 2 * 3 /j mCO^^ nUAlo.oiGao.n 
N^7s>KJi33£0. 5 // m^H:^tc|ilS^:fi@ U7to 

w^^^«ia, as* 8 i o°c^Ttf\ 7k§g& 

^■V'JT^iLt, TMG, TMI«U In 
o . i 7 G a,. a3 NffitiS 3 4 * 5 0 n m<Dfg £ L 
fc 0 #C^T% ilSS:1 0 7 0tlC±lf, Il^^tyr 40 
^Xirtt, TMG, TMA, Mg (C 5 H t O.) ,, 

(EtCp),Mg»:^«U plAl 
M7 Ga,.,,N^7i/K|35l:0. 5 M m<£>ff£^ 
■£fz. piGaN^y^^ b H 3 6*0. 2/zmCDJf:£ 

[ 0 0 6 5 ] *g3 0 u m, I^50fi mCOfcgff^" 

^ — >St«^*IrII-5 ,i mILT2ot^/':/^-y?: 



£Ff?| 2002-353144 
12 

l*f6^^(C, nlAlo.o3Ga o s ;N^y^ hi 

o«*mmm&<nmmzmo. 5 vm<nmz[cmmL 

[0 0 6 6] p «!]>*-— * y * Si 3 8 <E>^ricX*H±Jfc<Z> 

^£7F2/&L^f&. SiO,i3 7^xyfy^U!J5' 

^WpSGaNny^^ M 3 6 ^Btt$t5c 

tf. pIRIJ^-— ^ ^^ISTOT^SN i / Au=S:$fL 

T, ^t^V;*— K<b 7* bp**— b<V±.m^pM* 

4 1 . 6 0 0tt«Il, P SGaN3y^ni36. 
_LM p <Rij^- ^ y ^ Q«g 3 8 ZftZtiZ Lfc 0 

[0067] nm*— * y?mm3 9 tm®km 

MA l 0 ,o 3 Ga 0 . 9 ;N3y^ b/I 3 2±%$(D S i O, 

— LfcSL SiO : .l3 7^x- 7 fy7' 
UniA lo.oaGac.jN^y^ Mf 3 2*g|tH£ 

«1£4 o i: n{Rijm^3 9 y V b — ^^Mj^-t 

[0 0 6 8] ID 3, H4^^«^S:^7 , c:^ J F-ii, Htc:^ 
^rtb-t'n^Sfl^-^pffl!]^— ^ y^m@, njRiJ^— ^ y^ 

mytf'f*— b*te2i(Dytm!tii&m 1 o 1, 102^^ 

4 1 2 n mX:^o/: 0 

[0069] mmm 4 
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i oofiij®2 o oasftmwssffi£#o-c^5o 

[0 0 7 0] IS 5 mMM4 comity 4* 

— Kfi, nlGaN»5 0ll:, nlAl,. 0I Ga 
«.nNH^^7r-l5 1, nlAlo.,Ga 0 . a N^ 10 
7yKi5 2, A l 0 .07Ga 0 . ya Nf§t4jl5 3, pfA 
l,. : Ga,.,N^7yKB54, plGaNny^n 

S 5 '5 *<Nt&<cflMi Sixfc«JB«ii«:*r Ltt^, 

[0 0 7 1 ] plAl,. : Ga 0 . ( N^73/K| 
5 4, p IG a N n >7 h§55 Mfi, ^n^'tb. Z 

[0 0 7 2] %z LT, «ft^t-KWpiGaN = > 
8Ui«itA s Je*SJxTl^3feV^«*C#4, T i /A 1 a><bft 20 

[0 0 7 3 ] Jfcld, i5WM^t-K(7)f«*M 

i^p^-r^o mscDftytyj*— ^commm^n, moc 

[0 0 7 4] -T^t>^, £i\ nlGaNSfi50^ 

£6 0 0 o C(CTlt\ #I^S:NH 3 £: 30 
#^#[StU-U TMAdrTMG^OctO'nS! K — b 
^t'J)6SiH,^7^l, niBAU.o;Ga 
,., s N/<777-i5 1 Sr*fl|Lfco 

[0 0 7 5] 1 0 7 OtltCjblf , TM 

G, TMA^iO'nlMW^i: LT S i H 4 £#flj& 
iCfotntXiMSl'. nlA li. ! Gao.«N^7S' KJf 5 
23:0. 3^0)1$^ A U.o-Gao.^NS 

tt!53S:0. 0 5 /zmWjf^tcHi&SSLfco 
T\ na^«ftlBf*«>ft*5 9t-, Zn (CsHrO,) ,t 

^ntmmcDEZn&mj&izfrioitxm&is, pMa 40 

l 0 .:Ga ll6 N^7yK|54S:0. 3 \x m<Dm& t-, 
£fc. piGaN^y^niBS^O. 2 m<7)J?:£ 

i /Au&mmmm<r>±mi£m*Lit 0 *<n&. m. 

3ff#l8M c k 6 0 0 o CtMll, p^GaN^>-^^ 
T\ G a Nli 5 0 OlE^f ^ I, ^ 1 0 0 // m(7)f 
/A 1 £J8*U SSRfSffl&TM 5 OtT'MILT, 
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[0 0 7 6]H5WM^t-Kll pit-;^ 
ti56, n|^- ^ y^ttffi5 7 KJl|fi*|6] T * 

5 6, nfflll;*— S ^^1S5 7 fcim^raww r^^En 

K^M^tf-^SSlt> »3 5 0 nm"C^ot 
[0 0 7 7 ] HffiWS 
H*£0iJ 5 fit, 35 1 *fc(4JB 2 <K>SSJ6»«<30f^»*ftTf1? 
MSixfc p S!lII«*fk***ft:«:*tf ***«««i6 

[oo78] me nnrnm 5 £>¥4MM$k 

if-) Beofl-cii, ^ffcu— »f- 

(4, -t^^T-r 7fflf6 0 ±{C, AlGaNM^y77 
-i61 t nSAlo.o 3 Ga,.HN3>^ni62, 
niAl,. 0l Ga,., s N^7yKl63, n^GaN;tf 
-f KH 64, In 0 . 1 5Ga 0 . lJ 5N/ / Ino.o 2 Gao. ya N 
#S*T-#F?£t4Ji (2^T) 65. piAl 0 . s Ga 
,.,N|66, pSGaN^Ki6 7, pSAl 0 .,« 
Ga 0 . a ,N^77Fl68, pSjG a N^V^ h/f 6 

[0 0 7 9] piAlo.,Ga t . 8 Ni66, p 

f G aN^Kl6 7, pSlA l....Ga..» 2 N^75> 
K16 8, p^G a N=» V** h!6 9 1(1*4, MgiO 

[0 0 8 0] It, ±!E»JBfl*ififi, piGaN=>y 

^n§69 OM^niA lo. 03 G a,. „, N = 
ni6 2^t'X 5 /f>'^$ix, nSA lo.03Gao.97 

lAlo. 0J Ga 0 . s7 Nny^^ M62±C|j:, Ti/ 
A 1 *»e>*5ndB^— ^ s/*«ffi7 2 3fl5®rit**LtV^ 
5„ pSGaNay^^ M6 9©Sffij5^pI 

A lo.o«Gao.s:N^77 KJH 6 8<7)ii^^"C^ 

y r^4 0 OifgOpiG aN3>^^M69l 
fc, N i /Aud'^45 p«3*-— 5 ytmM 7 1 ^Ufig 
Sixri^So «SJB*»«^f4ilft»«liBt 7 0 t 

ITS i O s a««*Sjh/C*5!9, »»«BHS7 OJi^tt 
pffi!J«ffi7 1 ^?>9l#BU*nfcEitft««7 3^j&£*i 
-0^0 tit, flM«tt^«SEK«y 2/^**i«ia 

[0 0 8 1 1 W:, H6 0*»#u- OfP»*ft* 

ttMOCVDSt'ffofc, i">fc^t> % , t77^7 

Sffi6 OSrS/Sfftciry hL, **^f^*, 1 1 2 0°C 

T% SI^5 2 0°CtcTtt\ #H«*rNH, irMtfc* 
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A 1 G a N/^77-i 6 1 SrigfflLfco &l^T\ US. 
£ 1 0 5 0°CM±rt\ ^i^^rf yr^Xtlt, TM 
G, TMI, SiH^M^ttMU nMA 
lo.. 3 Ga 0 . a iN3y^ h!62^2/i mCOj?£M, 
Sfc, niAl,., ll Ga,., ! N^7yK|6 34rO. 7 
M m^Jf:^(C £7^. nlGaN^K!64$:0. 1 

J££8 1 0°C(CTtf\ TKi^^rtyr^^ltTM 
G, TMI»L, I n 0 . , 5 G a 0 . «s NX I n 0 . o, G 

[0082] ^^x\ f&mnmn&NH, t^mtTkm 

<7:>^#*#ISfU- U UJ%& 1 0 7 0°Ct-_hff , 
£3r^ y T^f^ t LT, TMG, TM A, Mg (C 3 H 7 
O,) 3i (EtCp) s Mg £*£/&(cfc;frltTfft££U 
plAl,. ! Ga,.,Ni6 6*2 0nmWfSl:, £ 
fc, plGaN^h'16 7^0. 1 mCOj? £ * 
fc, plAlo.o 8 Ga 0 . s2 N^77K168^0. 7^ 
tnW($l:, Sfc, P lGaN3y^ni69^0. 

[0 0 8 31 ftV^ l/v/^hT'f^ym^xF^^T 5 
/^-y^|!)lU 4 7f ImmTlMit r^Uv? 
^h/^-y^7^^U, ^0. 7/im<Di^K 
7^x> 7 f y^Lt, y 7^4 0 0^1^ Ui/^ 

0£S5#B5 0 0 h^^'^ — >^^0ilL 

t'yf 1 mmTMLto IWUy 1 ^ h/^-y^r^^ 

«56*>*ffilc#*lO. 5 iim(7)»Si:itiLto 

[0 0 8 4] ^^T*, p«W— ^ y ?mM7 1 Sr^/jJcL 
/Co p ffllltf— ^ y ^ 7 l ©Jgfiixgttftol 9 T*fe 
5 0 Si\ y '^4 0 0_Lg|$tc\ Uis* VX***r* by 
^-//^-y^MLf:t, SiOj7 0^x.^y 
^'Ity 7^4 0 0±C9pMG aN=iy^^M69^ 

^4 5 0 ymi(7)?^^h7^7V^-y^Mi, y 

r^4 0 0 _btC p flU^"— ^ y^liTO-C^6N i / A 
u£3K#Lfc 0 *^>^— U u- 

v** h»lty^ h±{cJS»Sttfcm«H-«ry ^ 

Jttc p fRtJ^d- — S y 9 WSk 7 1 SrJBfijt Lfco 

[0 0 8 5]S^f, nM*— ^ yv-MM 7 2 irl^lg® 
i7 3MLfc 0 nilM— ^ y y"mM7 2 £ 

7 3 o?FMxmte#;<oil «9 -c*>5o Si", n 
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MA Io.ojG ao. 9 ;Nny^^ hjf 6 2 ±<ftW S i O, 
17 0±IC, l/'^ ht^l 0 0 // m*!^;*** b y 

ITniA l o .03Ga,.„N3y^^ Nil 6 2£r^tti£ 

y7ht7fflwii/^-y^Mt6o &^-c% nfflij 

3*— 5 y ^ffiffiW»tiajft««EttJ|Sf"C*)ST i /A 1 <£> 

[0 0 8 6 ] t77>f7Si6 0 BFB 

[0 0 8 7] i6^^y-f-(i, 1S7 1, 7 2 
lcli#ftK««£ttAi-a£*#U £ KttScSriWlO 
S-frSi: if— *«i"*o »«iU*li»4 0 9 nm , C 
20 foofCo 

[0 0 8 8] H$fcffJ 6 

mmm e «m 1 s 2 o**»i8<ofp»*jfe-cfi5» 

$n^pfflIIIlS«ft**#*S:*tP**»«»fll*Sr 
*ffSt««¥«*^- if-i: LTlftS^ixTl^o [17 

[0 0 8 9] [U7, 0 8^#lt5^, ^*fru~if- 
30 tf>SMfl*i£2 0 0 Ofi. niGaNl^l 2 0±{C, n 
lAlGaNl£/<y7r-H 2 1, nlAl,,, 3 G 
a 0 . y ? 7 122, AU.t5Gao.85N 

1123a^GaNll23b ^g^Wb^^nl 
^7^Kil23, nlGaN^K|124, In 
0 . t 5 G a 0 . 8 ,N/ I n 0 . 0, G a 0 . „ ■ N#iif#Fgtt 
1125, p MA lo.sGao.nNll 2 6, plGaN 
#-fKJfl2 7, Al 0 . 15 Gao. 85 Njfl28ac!rGa 
Nfl28b ^»^b^5pi^7 y KJ1 1 2 
8, plG a FJl 1 2 9^WftJca(JiSiXT 

40 ffM$nt^5 0 

[0090] P IA 1 0 . 2 G a 0 . . N§ 1 2 6 , 

piGaN^Ml2 7, P S^7yKil28, p 
MG aN^y^h|129 tCfi, ZniO («Sf) 

h'-fy^^jxTt^c 

[0 0 9 1 ] ^LT, mmffi&2 0 0 0lt plG a N 
^y^^F|i2 9 (n^ttfrb 7 y KSi 2 8 cd 

i^+s-e^^^>^$tb, «aE«»y y^«iS9 0 o*s 

M$nt^5 0 ^It, yr^9 0 0t»piG 
aN=i>^^ [>gl 2 9±tC(t, N i /Au^^j:5p 
50 ^ y^m^l 3 1 ^^M^tLTl/^o S/C, pfU 




( 10 ) 



17 

mmmAn^attukifkmmi 3 0 t lt s i o,m^ 

[0 0 9 2 ] * IT, «S«ig2 0 0 0 £ttaEft«!J ^ 
9 0 0 «fe£QE(£%4fcfi«Wa 9 0 1, 9 0 2 
«^tltl/^ 0 GaNSil 2 

fi N T i / A 1 frbt£t> n (B!J^— ^ sx 1 3 2&M 

[0 0 9 3] HI 7, 18 if— <Of^H 

*jfe*KWi-5. HI 7, !3 8cota|[flsu-f-©ai«l 
2 0 0 0 ^IntSliMO C V D fet'ft o f: 0 -Tfcfr 10 

TK^^^^^T^^e-T^X^^^/^^, 1120°C 

T% ^if &6 0 0°CfCTJf> NH,«hS*i*»^ 
#*#IStvT\ TMA<bTMG^J:^niK-^y h^/ 
^t'fe^S iH.,^^SL, nlfilAlGaN^y 
77-112 1 «r*»Lfco *US£: 1 0 7 0°C 

t^_tif, -V D TiSTs t LTTMG, TMA, n 

nlA 1 o. o, G a o. u 7 NflSifiy* y77~i 1 2 2 £ 1 m 20 
mWf$l:«IU: 0 &^"C\ TMG, TMA, ni^F 
!4i^HTSiH^W:^«L, Al 
o . 1 5 G a o . a 5 N@ 123ai:GaN|123bi: CD^fe 
^frbteZnm? y y Kg 1 2 3 £3^0. 6 u rn<^i?$ 
(CfWlLfco ^^T\ &m<nm$l*. AlcsGao.^ 
Nll23a^7nm, G a N € 1 2 3 b t)> 7 n m X\ 
4 3»JWfifc«Lfco 

[0 0 9 4] ifc^-C, 1 0 5 CCIiTlf, n^G 

aN^K1124^0. 1 u m£>jp$(CfiWI & 

*^#*CDf&*££ita6, #l**NH,i»o 30 

t!i7^i:ir, TMG, TMI^rMt, I n 0 . 15 
G a o . 8 5 N/ I n M! Ga,. M N#li^#Fiffii 1 
2 5 (2-<T) Srfi6«L3t 0 lfcV*T\ )Sf«?:NH 

a fca*fc7k*^»^#*#H*icu tasir 1070 

°CtC±tj\ TMG, TMA, Zn (C 5 H 7 0,) a , DE 
Zn^lSC^MtiSl, piAlo..Ga 0 . 8 Ni 
12 6^2 0nm(/)|^;, £fc, plGaN^Ki 
12 7^0. 1 /i m<OJ¥$MHK#;SUf L7t 0 #C^T\ A 

l,. ls Ga MS N|128aiGa Nf 12 8b £ CO® 40 
t&^F-^ib^S nS^ 7 y KB 1 2 8 &m 0 . 6 M m<OJ5 
^t-fflJlLfCo lit, Alo., ; Ga 
o. s5 N|128a^7nm, GaN|l 28b^7nm 
-C\ 4 3J^SB)SftL7to p^GaN^>*^h 
1129?r0. 2m m<7)H:^ UffiJl Lfc D 

[0 0 9 5 ] &1>T\ hT'ipS4 MmCDX h?^^ 

/^->-£^igLt: 0 >;/^3 0 0 a m-CJKjaLfc, 

£ K7^x;yf y^Lt, y 7^9 0 0^Wlf: o ^ 
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i O 2 flg*«Jl»ig<^ffi(c#i0. 5 /imOff^jcitSf 

[0 0 9 6] ft^t?, pftil*— ^ y?W&\ 3 1 
Lfco pflDW— S ytW&l 3 l <7>^j*xef±&wii0 

fftftBMEl 3 0^x 7 fy^tty y^plG a N 

5Ni/Au^lflfCo ^<7)f£, ^^#iam^> 6 0 
0°Ct«It, p^G a * i 2 9_h(-p 

5 ytmmi 3 l &?fMLfc 0 
[0 0 9 7 ] Sffil 2 0<OHffi&flFSU J¥£ 

^10 0/imiaf:i, nfjt-^7^iWIK'fc 
i / A 1 *afc»Lfc« 5 0 

t^SMOsfflU nW-$y^til3 2S:»*Lfco 

yi^9 0 0JC«fa*il[^ftSJ:9^#BIL, ft*tl^ 
JE® 9 0 1, 9 0 2 SrJKifiLfco 
[0 0 9 8] -tf^igflcU — if— f±. 131, 13 

[0 0 9 9] 

-tt*«*a>*^ff*:«tf p aill8g*{ttt*»flwtf5 

-tV^T^ 5 <t filSSi^plilllfllBfk** 

[oioo] lt*Jl3ia*«5*MJcJ:ixtf, »* 
^ 1 * fc(i§»*rf 2 fStt<D p SlHlBl»b**»*^fP 

m^a B e * ^ K- tT V ^ ^ nfcteffiBlCD pSlIlRtffc 

[0101] Bl*a«4 > »*^5E«(7)^M(cJ: 

*ttf, f»*«3ia»<Op^IIIjRS^^«ft:^tr¥ 

[0 10 2] ^fc, IS^3l6 7!7^fi^Xi8fS®cO|gP^{c 
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imffio)Mmtem.w] 40, 73 wmmm 

mi] ^wommmio>pmiummt&*mfc& so, 120 nicaNsi 

^-riDT^^o 5 1 nS Al 0 . OJ Ga 0 . 93 Nfi^<y77- 

[12] ^p^^^^j2^ P ^iii]^^ft:^^2S^^ g 







5 2 


niA l,.:Ga,.,N^7yKI 


[i3] « 


mommm 3 ^^t^^tiT^ 




5 3 


A lo.07Gao.y3 N?£t£g 








5 4 


plA l.. ! Ga,.iN^7yKl 






6 1 


A 1 G a N «y77 — g 








6 2 


n MA lo.o 3 Ga 0 .uN^^ hg 


[B5] ^^^^^0ij4(?)^^^^7n-ri2]r^ 


10 


6 3 


niAl 0 .,»Ga,. l2 N^77 Kg 








6 4, 1 


2 4 nMG a Njtf-f Kg 


[del #3 


imommm 5 oi^m&mmz^-tmxtb 




6 5, 1 


25 Ino.isGao.ssN^Ino.o- 










[117] ^e^o^^je^^f^M^^-riil^fc 




6 6, 1 


2 6 pMA 1 0 . j G a 0 . 8 Nf 








6 7, 1 


2 7 piG a N#-Y Kg 


[118 ] « 






6 8 


piA l,.,eGa,. )! N^7yKI 


-So 






10 1, 


1 0 2, 2 0 0 fttflttC® 


[ft^-ooi*0;n 




10 3 




10, 20, 


6 0 -tf-^r-f TKt£ 




12 1 


n MA 1 G a N{£f&/< y 7 T — g 


11, 2 1 




20 


12 2 


n MA lo.03Gao.97N ^risL^ y 7 T 


12, 22 


pMG a Nil 








3 1 


A 1 N yr—m 




12 3 


g»W/j!5n^7y Kg 


3 2 


nlA lo.o.Gao.uNny^^ hg 




12 3a 


Alo.15Gao.85Ng 


3 3 


nMA lo.o-Ga 0 .nN^7^Ki 




12 3b 


G a Ng 


3 4 


I n 0 . 1 7 G a 0 . nN^ttl 




12 8 


ffl8^b45pl^7y Kg 


3 5 


p M A lo.o-Ga a .„N^77 Kli 




12 8a 


Alo. 15 Ga 0 .85 Ng 


3 6, 129, 55, 69 piGaN^y^ 




12 8b 


G a Ng 


MI 






4 0 0, 


9 0 0 SacSfefgy y^»3fi 


3 7, 70, 


130 mmsmwk 




9 0 1, 


9 0 2 #;#JgS§«&ffi 


3 8, 56, 


7 1,13 1 p M^r— ^ y ? MM 


30 


2 0 0 0 




3 7, 57, 


7 2, 1 3 2 nidt-;-^tS 









[mi] [112] 




[15] [[§16] 




60 



[07] 
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[B8] 




7 d y i?<oWt% 



F 9 — (#%) 5F041 


AA08 


CA04 


CA14 


CA34 


CA49 




CA53 


CA54 


CA57 


CA65 


CA84 




CB03 


CBll 


CB32 


FF01 


FF13 


5F045 


AA04 


AB09 


AB14 


AB17 


AC08 




AC09 


AC11 


AC12 


AC19 


AD 12 




AD14 


AF04 


AF05 


AF09 


BB16 




CA11 


CA12 


CA13 


CB01 


CB02 




DA53 


DA63 








5F073 


AA11 


AA45 


AA74 


AA77 


BA01 




BA04 


CA07 


CB03 


CB16 


CB22 




DA05 


DA24 


DA30 


DA32 


EA23 



